Growing global needs for food call for substantial increases in protein production in coming years, and for diligent conservation efforts. Manures from farm animals have been viewed both as a resource and as a waste product, but they are critically important sources of nutrients for organic and integrated farming and for traditional Asian aquaculture. Given constraints on livestock production and capture fisheries, careful development of the aquaculture industry is a necessity. The production volume and market share of tilapia are advancing extremely rapidly, and so too is the proliferation of misinformation and controversy. Culture and feeding practices differ widely, but feeding is usually recognized as the single largest cost to producers. Traditional Asian integrated farming practices involve the use of manures and other farm wastes to promote algae and zooplankton production, serving as a sole or supplemental nutrient source to the food chain that supports tilapia growout. Tilapia also ingest manures. The efficient use of nutrients from manures can have multiple benefits to integrated terrestrial agriculture and aquaculture, as long as product safety and quality are not compromised. With efficient use, handling of manures is simplified, fish production costs are reduced, fish nutrition can be improved, and potentially polluting materials are cycled constructively on integrated farms. Consumer and press reactions to the use of farm manures in food production can be highly polarized. Published responses cover a range of extremes, from enthusiastic endorsement to volatile reactions and outright rejection; in some areas this practice is considered to be more of a "PR (Public Relations) problem" than a health hazard. The perception in online public media that tilapia coming from ponds fertilized with manure are * Corresponding author.
Introduction
Global concern has been elevated over the increasing need for protein as the human population edges toward a predicted 9.6 billion by 2050 [1] . This concern is amplified because conventional livestock and capture fisheries production appear to be incapable of meeting this demand. Aquaculture is developing steadily in response to current and anticipated needs, with annual growth worldwide at more than 7% [2] . Supply and demand principles and increasing profitability have driven continuous aquaculture industry growth. Demand on a per capita basis is also increasing; details of the benefits of seafoods to human health continue to be revealed, and draft recommendations by the US Food and Drug Administration for seafood consumption have again been revised upward, to two or three servings per week [3] . Tilapia have been specified as a desirable part of the human diet, especially for pregnant women and growing children [3] . Annual fish consumption globally has increased to 42 pounds per person from 25 pounds in the 1970s, and continues to rise [4] . Seafood-about half of which is now produced by aquaculture-conveys a range of public health benefits, as compared with "western-style" diets that are based on the consumption of factory-farmed livestock and processed foods [5] .
The UN Food and Agriculture Organization (FAO) has been promoting Conservation Agriculture, the use of a set of principles designed for sustainable improvements in terrestrial food production [6] . Reduced surface disturbance by tillage, increased mulching of soils, crop rotation [7] and improved utilization of nutrients from manures and food wastes [8] are key components of the Conservation Agriculture approach. Goals of this strategy include improvements in the long-term health and productivity of soils, but these principles have not been linked directly to aquatic food production. The term "Conservation Aquaculture" has been used in a different context, in reference to recently-developed standards for environmentally-sensitive hatchery reform [9] . Integration of agriculture and aquaculture as practiced on small farms that make use of animal manures could fit well with the Conservation Agriculture ideology.
One common view is that the majority of capture fisheries have been pushed to or beyond their capacity. Managed properly they may recover, but it is unlikely that capture fisheries are capable of expanding to meet increasing demand. As concluded in one recent update, "The bottom line is that getting much more food from natural systems may not be possible" [4] . For these reasons, aquaculture is very much on the rise and tilapia culture in particular is increasing at a phenomenal rate (Figure 1) . Because Nile tilapia (Oreochromis niloticus) are hardy, omnivorous and fast-growing fish that are tolerant of highly variable culture conditions, they have emerged among the most prominent candidates for mass-culture. Tilapia production shows no sign of slowing or leveling off. The numerous desirable qualities of tilapia as a major human food source include their low trophic level, which is appealing both ecologically and economically. This makes production independently of processed ingredients possible, and the accumulation of hazardous materials preventable.
Pork production continues to increase at a moderate pace and retains the first rank among protein sources for human nutrition, with poultry in the second position [10] . Steady growth in aquaculture production has resulted in the passing of both capture fisheries and beef production [4] . Relatively modest increases in beef, pork, mutton, and poultry production reflect limitations in the availability of suitable infrastructure. Feeds, commitments of space to terrestrial agriculture, processing and distribution facilities, and the generation of manures and other materials impose limitations on the capacity and efficiency of terrestrial meat production. Excessive reliance on antibiotics for disease control is a serious concern in factory farming, as is the efficiency of protein production. The production of cattle requires about 7 kg of feed to produce 1 kg of live weight product, pork production requires more than 3 kg of feed, chicken more than 2 kg of feed, and tilapia less than 2 [11] . The production of terrestrial meats competes with other land uses, depletes and pollutes water, consumes large amounts of grain, negatively impacts biodiversity, and has an enormous carbon footprint [12] . Groundwater contamination with fecal coliform bacteria and various other pathogens from untreated manure is a major problem in swine and other livestock producing areas, routinely resulting in threats of human disease outbreaks [13] [14] . Terrestrial livestock farming has been identified by the United Nations Food and Agriculture Organization as a significant contributor to serious environmental problems [15] , and far-reaching corrective actions have been recommended. Those recommendations emphasize the need for more constructive handling and use of manures and for more efficient uses of feeds. Approximately 36% of the grain currently grown on earth is used for livestock feeds; for this reason, improved grain use efficiency gained by continuing the shift to aquaculture could result in desperately needed increases in food production both on land and in the water [11] . It has been forecast that "Because of their substantially better feed conversion ratio than livestock (typically 1.6 to 1.8 for tilapia), aquaculture may play the role poultry played in the past, depressing feed demand for cereals" [16] . Further similarities of tilapia to the poultry industry are discussed below.
Trends favoring tilapia culture have transformed its market acceptability. Tilapia were formerly snubbed in seafood markets as an undesirable "junk fish" alternative, since tilapia were often associated with the contaminated waters they can tolerate. Tilapia feeding on certain types of phytoplankton, especially blue-green algae, can acquire off-flavors [17] [18] . Depuration or purging of harvested tilapia before marketing them eliminates a majority of off-flavors and most contamination with waste-materials [19] . A surge in the availability of fresh and frozen tilapia that are free of off-flavors, and at relatively low prices has occurred, as wild marine fishes have simultaneously become more scarce and expensive. The result is a net growth in the market share for tilapia. The steady and vigorous growth patterns for production and consumption of tilapia resemble earlier patterns of growth in the poultry industry (Figure 2 , and see [20] ). Increasing availability of high-quality, frozen fillets primarily from China have induced a shift on the global market from wild-caught marine fish to farmed tilapiaproducts, at very affordable prices. Improvements in production methods and steady increases in supply were accompanied by a consistent pattern of falling wholesale prices from 1997 to 2007, but after that prices for frozen tilapia fillets appear to have stabilized, while prices for fresh fillets remain elevated [21] [22] . Tilapias occupy a low trophic level and are therefore not subject to the intensive biomagnification of mercury, pesticides, and other hazardous materials that has plagued wild marine food chains (see [23] ), in part because tilapia can be produced with little or no reliance on dietary fishmeal [24] . The consumption of grains, fishmeal, and other ingredients in processed feeds can be reduced or eliminated by the promotion of pond productivity with manures. Tilapias are often singled out as a promising candidate for culture on a mass scale; as stated by Cressey [25] , "Oreochromis niloticus, the Nile tilapia…. affectionately dubbed the aquatic chicken for their speedy and efficient growth-are to many a nearly perfect aquaculture species". The New York Times has referred to tilapia as "the perfect factory fish" [26] . The biological characteristics and culture requirements of tilapia qualify these fishes for a centrally important role in the sustainable feeding of the human population [11] [24] .
Advances in poultry science spurred the growth and maturation of the chicken and turkey industries. Improvements in the efficiency of poultry production through selective breeding and nutritional science have dramatically reduced costs and improved yields; modern chickens grown for meat gain weight 300% faster than those produced 50 years ago [27] . A shortened production cycle yields vastly more meat than more time-consuming earlier operations; as summarized by Wideman and coworkers [28] , "If humans grew at a similar rate, a 3 kg (6.6 lb) newborn baby would weigh 300 kg (660 lb) after 2 mo".
Comparable efforts are underway to improve strains of the Nile tilapia for efficient mass production purposes. Among strains subjected to sustained programs of selective breeding, the Genetically Improved Farmed Tilapia, or GIFT tilapia [29] is among the best-publicized and most successful subjects. Breeding programs were initiated in the 1970's and have been continued by the Philippines Department of Fisheries, the WorldFish Center in Malaysia, then the International Center for Living Aquatic Resources Management (ICLARM), Central Luzon State University in the Philippines, the University of the Philippines Marine Science Institute, the Bureau of Fisheries and Aquatic Resources (BFAR) in the Philippines, and the Institute of Aquaculture Research (AKVA-FORK) in Norway. Collectively, these efforts have produced pedigreed strains of tilapia that consistently display sharply improved growth and feed utilization rates on farms. Published data on the extent of improved growth rates and feed conversion ratios vary, but production costs for farmers using GIFT strain tilapia have reportedly been reduced by more than 30% [30] [31] . Most Nile tilapia grown commercially in the Philippines are either GIFT tilapia, or genetically related strains [32] . Stocks of GIFT strain tilapia have been distributed to at least eleven tilapia-producing countries [33] . Growth of GIFT tilapia responds well to pond enrichment with organic manures in semi-intensive culture [34] .
Tilapia Culture Methods and Feeding Strategies
Because of their robustness and versatility, tilapia are produced in culture systems ranging from do-it-yourself backyard tanks to commercial-scale intensive food production operations that target export markets. Marketingrelated image problems are less of an issue for local consumption in developing countries, many of which rely heavily on tilapia farming to meet their urgent demands for protein. Expanded tilapia culture in the Philippines has generated fish mainly for local markets, and per capita tilapia consumption has grown to about 3 times per week there [32] . The establishment of tilapia culture has been less straightforward in Bangladesh, where demand for tilapia has exceeded supplies as suitable culture technology and infrastructure are becoming established [32] [35] .
Feeding costs are among the largest expenses in tilapia farming [36] . The amount and cost of food required for growout is dependent on choices of culture methods, feeding strategy, and stocking intensity [37] , but expenses for feeds have been estimated to account for more than 70% of variable farming costs in the Philippines [32] . Alternatives for feeding tilapia include pelleted diets based on wheat, soybean oil meal, poultry and meat by-product meals, and fishmeal, diets based on pond plankton, and combinations of pellets and plankton. Fishmeal and fish oil, never very concentrated in tilapia diets, are still problematic in terms of cost and sustainability, so reliance on them should be minimized [24] . Traditional Asian tilapia culture has used farm products and by products as fertilizers on integrated terrestrial/aquatic farms to promote primary production in ponds. The integration of livestock production with aquaculture provides an efficient means of utilizing nutrients in farm manures for the production of other consumable products [38] [39] . The same approach to nutrient cycling is at the core of western organic farming methods. Nutrients derived from manure stimulate the production of phytoplankton and zooplankton in culture ponds, both of which tilapia readily consume. This is most readily applicable on small-and medium-scale integrated farms. Variation in the nutritional content of manures [40] and the fact that bacterial decomposition of animal manures may take weeks or months [41] , make manure applications challenging on a mass scale. The total nitrogen and phosphorus content of swine manure each can vary by more than an order of magnitude, depending on the age of the animals, their feeds, temperature, moisture content, and other factors [40] . For this reason, routine chemical assessment of manure nutrient content is recommended, although chemical analyses are impractical in some parts of the world. Tilapia farming on a large scale generally does not rely on manure to stimulate aquatic plankton production; the variables discussed above are often eliminated by the use of formulated pelleted feeds and/or inorganic fertilizers of known composition.
Phytoplankton communities in culture ponds produce ample amounts of long-chain omega-3 fatty acids [42] . These compounds are either consumed directly when fish eat microalgae, or they are passed through the food chain by way of zooplankton. Tilapia are opportunistic feeders that also ingest macrophytes, bacteria and zooplankton, and they have been described as filter feeders because they are capable of removing plankton as small as 5 microns in diameter from the water column and ingesting them [37] . Pond phytoplankton favorably influence the nutritional lipid content of the organisms that consume them, and it is possible that the management of phytoplankton could provide a means of producing specialized tilapia with enhanced fatty acid profiles [43] .
There are advantages and disadvantages to organic pond fertilization, when compared with the use of either inorganic fertilizers or formulated pelleted feeds. Feeds containing either fishmeal or alternative protein sources promote relatively faster growth, but at increased costs and with some environmental impacts. Reducing the amount of pelleted feeds during commercial tilapia culture lowers production costs by encouraging foraging, with no apparent impairment of growth, uniformity, or survival; this practice also prevents uneaten pelleted feeds from contaminating pond water with nutrients [36] . The degree of enhancement of plankton and fish productivity induced by the addition of manure is more variable than it is with the use of more precisely defined sources of nutrients. The consumption of a mix of planktonic species enhanced by pond fertilization provides nutritional and other advantages over wheat-and soy-based diets, which can be deficient in omega-3 fatty acids [42] [44] . Inorganic fertilizers are marketed with known concentrations of nitrogen and phosphorus, eliminating the need for their measurement as in manures, but both organic and inorganic approaches promote plankton productivity. Inorganic fertilizers stimulate the propagation of phytoplankton, whereas organic fertilizers invigorate a more diverse community, including bacteria and heterotrophic zooplankton [45] . Modern terrestrial farming of field crops is reliant on inorganic fertilizers, but cost and availability can be problematic in the developing world. For centuries, pig and poultry manures have been used as fertilizers to promote plankton communities in ponds used for fish cultivation in China [46] .
Traditional uses of fertilizers in ponds have been adapted recently to closed culture systems, resulting in the "green water method" [47] . This low-cost method is effective in the intensive aquaculture of larval and juvenile organisms because it provides abundant nutrients in a chemically stable environment with a positive oxygen balance [47] . Green water environments also appear to favor stable microbial communities with relatively few pathogens. Some saline and brackish green water systems repress a particularly destructive clade of bacteria that includes Vibrio harveyi, which causes luminous vibriosis [48] , and Vibrio parahemolyticus, thought to be responsible for Early Mortality Syndrome (EMS) in Penaeid shrimp farming [49] . Brackish green water from Oreochromis urolepis hornorum (formerly known as Tilapia hornorum) culture ponds antagonizes Vibrio harveyi sufficiently to prevent luminous vibriosis in Penaeus monodon culture [50] .
The use of pig manure as a source of nutrients for fish production makes good economic and ecological sense. Some integrated systems also promote the growth of aquatic plants with organic fertilizers, which are then used to feed the growing pigs [51] . Increases in pig production in China are attributed not only to their value for meat production but because pigs are viewed in China as a "costless fertilizer factory moving on hooves" [51] . Manures are not as nutrient-rich as inorganic fertilizers, but they efficiently promote robust algae blooms [52] . The nutritional value of pig manures to phytoplankton is variable; they contain not only the primary nutrients nitrogen, phosphorus and potash, but also supplies of secondary nutrients required by plants [40] and missing from many inorganic fertilizers. A balance of light supplemental feeding coupled with moderate to substantial manure application does not necessarily support the fastest growth, but is often identified as the most cost-effective feeding strategy [41] [53] [54] .
Tilapia directly consume some manure, so pond fertilization with manure is frequently misinterpreted as the use of feces as food. Those arguments are often made in un-reviewed media (e.g. published online) with sensational titles and negative messages [55] . Many readers are unfamiliar with millennia of history of the use of farm manures as fertilizer, and have referred dismissively to the promotion of pond productivity with manure as feeding with sewage or "poop" [55] . The direct nutritional value of manure consumed by tilapia is minuscule in comparison with the nutrition acquired by grazing on algae and zooplankton; fish in integrated aquaculture and livestock/pig farms derive a secondary benefit from the consumption of undigested feeds present in pig manure [56] . Manures are essential to organic vegetable farming, but the possible presence of pathogens has led to firm but non-binding guidelines about the use of untreated manures [57] . Opinions are strong about the balance of beneficial and hazardous qualities in manures. United States Food and Drug Administration (FDA) guidelines for organic food production recommend that manures be treated to reduce the likelihood of transmission of pathogens through crops, and that the time between fertilization with manure and harvest should be extended [57] , although compliance with these recommendations is voluntary. "We think of [manure] as the best thing in the world", says organic farmer Jim Crawford, "and they [regulators] think of it as toxic and nasty and disgusting" [58] .
Concentrated or large-scale applications of manure have negative consequences on water quality, reducing the intensity of tilapia cultures that can be supported [47] , in part because of oxygen depletion [59] . Optimal applications of manure for aquaculture pond fertilization are light and frequent [41] . In the early 1980s, the optimum manure loading in tropical tilapia ponds receiving untreated piggery wastes was investigated by Hopkins and co-workers at the Freshwater Aquaculture Center in the Philippines [38] . They concluded that the highest net yields of fish were obtained with stocking densities of 60 pigs per 20,000 fish. Abruptly and excessively increasing nutrient availability promotes heavy phytoplankton blooms that can impair light penetration, resulting in threatening cycles of hypoxia. For these and other reasons, heavy manure applications are avoided in successful aquaculture.
Web-based news about tilapia in the US has been subject to exaggeration, and this un-reviewed medium can propagate inflammatory stories and misinformation. Online articles warning of Chinese tilapia raised "on diets of manure" have been accompanied by an illustration of silver carp, Hypophthalmichthys molitrix, incorrectly identified as "white tilapia" [60] . US Food and Drug Administration spokespeople deny in this report that fish are farmed on a diet of feces, but that article has been shared as an alert to consumers, embellished with obscene language and multiple exclamation points, and re-posted with the same mislabeled carp photograph [60] . Attempts to contact the publishers and the holder of the copyright on the misidentified carp photograph to alert them to this mistake have been unanswered, but the original article has been removed. A more reasoned view is presented in the primary scientific literature.
United Nations reports conclude that consumer attitudes about the safety and quality of aquaculture products can be affected by the perception of hazards that may be disproportionate to any real health or environmental risks [61] . A recent example is the claim that the consumption of tilapia is more dangerous to the health of the consumer than eating bacon [62] , with little apparent regard for the hazards of ingesting saturated fats [63] accompanied by large quantities of sodium [64] , and in contrast with the consistently favorable recommendations for tilapia consumption by the FDA, Seafood Watch, and other organizations (discussed below).
Best Management Practices and Aquaculture Farm Certification
Ranking seafoods by various health and safety standards and by indices of the sustainability of production strategies is a growing trend in consumerism in the US and in Europe. The proliferation of "Best Management Practices" or BMP guidelines, production industry standards, certification programs, seafood ranking and advisory guides, and codes of conduct has continued as the aquaculture industry strives for sustainability [24] . A growing market for certified aquaculture products is becoming established in North America and Europe, in recognition of the need for seafoods to be managed carefully and sustainably. Less than 5% of global aquaculture is cur-rently formally certified, in part because certification is a complex and expensive process that favors large, corporate producers in the developed world [65] .
Current perceptions of tilapia in the USA are subject to raging debates-farmed tilapia are rated by various consumer advocates from "best choice" to "do not eat". Seafood Watch [66] bases highly favorable ratings on tilapia product quality and sustainability, noting the ecological advantages of fish farming that does not depend on increasingly scarce and expensive dietary fishmeal. Analyses of the environmental impacts of tilapia culture by Seafood Watch place it among highly-ranked seafood selections, and tilapia farmed in China have been upgraded from "Avoid" to "A Good Alternative" rating [66] . That favorable rating is anything but unanimous, though, and tilapia farming remains the subject of rumors and controversy [55] . Online reporting [67] includes a quote that fish "are fed raw sewage daily" by foreign workers who ship it to you to "…poison your friends and family". Tilapia have been berated for real and perceived flaws in nutritional content, as vectors for disease, and especially in reaction to their consumption of manures and other detritus. As observed by Picchetti [55] , consumers unfamiliar with the dynamics of food webs find "…for some reason, using cow manure in the vegetable garden is normal and acceptable, while adding it into the water for fish is not".
Most reviewers credit tilapia as having an agreeable taste, but they can acquire off flavors if cultured under unfavorable conditions. A recurring theme in critiques of tilapia is their moderately low content of long-chain omega-3 fatty acids, although the abundance of these compounds is determined by diet and can be improved. Greenpeace advocates tilapia because of their herbivory and fast growth, and laud the Nile tilapia as a potentially sustainable aquaculture species [68] , but this organization also expresses serious concerns about their invasiveness as an escaped or introduced, non-endemic species [69] . Endorsement by Greenpeace of organic aquaculture [70] does not specifically mention or advocate the use of manures, focusing instead on the elimination of antibiotic and hormone use and the prohibition of genetic engineering. Organic aquaculture standards for the European Union (E.U.) [71] impose limitations on the use of fishmeal-based diets for tilapia production in ponds, instead favoring the use of natural and organic foods. These regulations specify that some production systems may require organic fertilization, but do not define a standard for the use of manures to enhance primary production in culture ponds. European organic aquaculture serves a tiny niche market and consumers may be unaware that the exclusion of formulated feeds and synthetic fertilizers in those regulations can be interpreted as an implicit endorsement of manures as a nutrient source [72] , as in classic terrestrial organic farming. The U.K.-based Soil Association has published organic aquaculture standards based on the E.U. regulations; these recognize the use of manure as a foundation of organic farming, and as an acceptable aquaculture practice [73] . Standards for organic aquaculture have not yet been established in the U.S.A. The National Organic Standards Board task force proposed standards for organic aquaculture in the United States intended to limit reliance on fishmeal and other externally-sourced materials, but without addressing the use of organic and inorganic fertilizers [74] . Discussion of the principles and practices under consideration for such standards include mention of tilapia "produced in accordance with the tenants of organic agriculture…" [75] .
The use of sex reversal hormones for production of all male tilapia (which grow faster and reduce the opportunity for feral populations to develop from escapees) has also been mired in controversy. Formal aquaculture standards and certification guidelines generally prohibit the use of hormones in aquaculture, although the Global Aquaculture Alliance Best Aquaculture Practices certification makes an exception for the use of androgens for sex reversal in tilapia fry [76] . Still, direct applications of methyltestosterone in hatcheries for sex-reversal of food fish are unpopular with the organic community. However, use of estrogens to produce genetic males but phenotypic females, which are then used to produce YY males, who in turn are used to produce all male progeny to be reared as food fish seems to be acceptable. As the hormone treated fish are grandparents of the food fish, there is no chance of exogenous hormone residues in the fish to be consumed. A second system of hybrid crosses with two closely related species of tilapia also provides a highly skewed sex ratio, but requires careful pedigree monitoring and marking of virtually indistinguishable parents.
The identification of best management or optimal farming practices for tilapia has been slow to emerge. Widespread cultivation of closely related species in this family of fishes throughout tropical, subtropical, and even temperate regions demonstrates their versatility, and no one farming method or diet can be singled out as ideal, or so superior as to be recommended to the exclusion of alternatives. Omnivory and adaptability to varying degrees of culture intensiveness make tilapia poor candidates for rigid or highly specific BMP guidelines in the interest of farm certification. The original practice of subsistence farming in ponds or tanks in poor countries has given rise to mass culture for US, European, and Japanese markets. The assimilation of wastes, the propensity for diversion of energy into reproduction at a young age, and the desire to culture male-only crops are common challenges to tilapia farmers, and have been discussed elsewhere [77] . The escape of propagated specimens is also a pressing problem, since tilapia are notoriously invasive. Tilapias were widely introduced for weed [78] and insect [79] control in the 1960s and 70s, but such introductions have been difficult or impossible to contain and tilapia are now mentioned among the most invasive of fishes [80] , especially in degraded ecosystems.
The use of manures in tilapia farming remains controversial and is often not addressed directly in BMPs or certification standards. Agreement is strong among various published standards for tilapia culture that antibiotics and hormone use should be avoided, and genetic engineering is often prohibited, but opinions are divided, contradictory, or unspoken about the use of manures. One study commissioned by the World Wildlife Fund [77] recommended that "certification probably should strictly forbid the use of animal or human wastes as fertilizers". The subsequent World Wildlife Fund (WWF) "Better Management Practices" analysis [81] did not go so far as that recommendation, concluding only that feeds and fertilizers should be applied sparingly. The WWF recommendations [81] were comparable to those found in Aquaculture Stewardship Council certification guidelines [82] , which do not mention manure specifically. Diana [41] argued that "using animal manures for tilapia production… is actually much more productive and has no negative effects on water or fish quality…. certification standards not allowing animal manures should be reconsidered". Global Aquaculture Alliance (GAA) Best Aquaculture Practices farming standards state that certified farms shall not use untreated manures [74] . Acceptable treatments for manures are not specified in the GAA standards; these may or may not include composting or aging, drying, fermentation, or other relatively low-cost means of deactivating microbes, but the stated concern is the spread of pathogens. Diana's analysis [41] led to the conclusion that manures stimulate production more effectively than inorganic fertilizers do, and that the careful use of manures for integrated aquaculture as practiced for centuries in Asia is highly efficient, posing little or no threat to human health.
The integration of terrestrial animal farming with tilapia culture is a common practice in many third world countries, particularly among farmers conducting semi-intensive tilapia culture. Animal houses are often situated on the pond dikes or over the pond water to facilitate the use of animal wastes to fertilize the pond. In a survey conducted by the Asian Development Bank (ADB) in the Philippines, the majority of tilapia farmers reported that they regularly use fertilizers in their culture ponds [32] . About 22% of tilapia farmers used organic fertilizers (mainly chicken manure) and a very small minority (~2%) did not use fertilizers at all, believing that their pond soil was fertile enough, or suspecting that fertilization could generate off-flavors in harvested fish [32] .
In much of Asia, the small integrated family farm is being replaced with larger properties controlled by government agencies, cooperatives, or investors. In many cases these farms are switching to formulated feeds for ease of use, adherence to "western" inspired BMPs, due to farm specialization, or some combination of these. In addition, the feed companies also provide technical support for the farm to encourage farming success, greater profit and future increased sales of feed. However, there is still a strong recognition of the benefits of "green water" culture of juvenile tilapia in fertilized ponds. This serves to reduce overall costs and provide high health fish for final grow out on formulated feed diets.
There are also large numbers of multi-hectare polyculture fish farms in Asia that rear various mixes of carps, tilapias, pacu, Pangasius spp. and freshwater prawns. These farms operate with a mix of animal manures and formulated fish feeds. Placing a piggery, poultry house or duck/goose enclosure above a corner of the pond is still a common practice that reduces production costs, increases primary productivity and yields more edible protein per square meter. Until Western farmers develop farming technology that provides as much safe high quality food in the same space with fewer environmental impacts, web based complaints about the use of manures in aquaculture should be taken with healthy skepticism.
